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(57) ABSTRACT 

Methods and apparatus for optimizing an abstract query are 

disclosed. Embodiments of the present invention alloW an 

abstract database to optimize an abstract query composed 

from a set of logical ?elds. Each logical ?eld includes a ?eld 

name and an access method used to map the logical ?eld to 

an underlying physical representation of the data. After a 
user composes an abstract query and submits it for execu 

tion, a runtime component and optimization component may 
be con?gured to resolve the abstract query to a physical 

query of the underlying physical data source using an access 

method associated With each logical ?eld. In addition, as the 
runtime component builds a query consistent With the 

schema of the underlying database, an optimizing compo 
nent may modify the query using any suitable optimization 
techniques. Di?‘erent optimization techniques include opti 
mizations based on logical ?eld metadata, optimizations 
based on the underlying physical data repositories refer 
enced by an access method and optimizations based on the 

relationships between logical ?elds or underlying data struc 
tures. 
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METHOD AND PROCESS OF QUERY 
OPTIMIZATION TO A GIVEN ENVIRONMENT 
VIA SPECIFIC ABSTRACTION LAYER DOMAIN 

KNOWLEDGE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is related to commonly owned 
co-pending applications “Application Portability and Exten 
sibility Through Database Schema and Query Abstraction,” 
Ser. No. 10/083,075, ?led Feb. 26, 2002 and “Remote Data 
Access and Integration of Distributed Data Sources through 
Data Schema and Query Abstraction,” Ser. No. 10/ 131,984, 
?led Apr. 25, 2002, both of Which are incorporated by 
reference herein in their entirety. 

BACKGROUND OF THE INVENTION 

[0002] 
[0003] The present invention generally relates to computer 
databases. More speci?cally, the invention relates to data 
base query optimiZation techniques. 

[0004] 2. Description of the Related Art 

1. Field of the Invention 

[0005] Databases are computeriZed information storage 
and retrieval systems. The most prevalent type of database 
is the relational database, a tabular database in Which data is 
de?ned so that it can be reorganiZed and accessed in a 
number of different Ways. A relational database management 
system (DBMS) uses relational techniques for storing and 
retrieving data. 

[0006] Regardless of the architecture, in a DBMS, a 
requesting entity (e.g., an application, operating system, or 
end-user) demands access to data stored in a DBMS by 
issuing a database access request. Such requests may 
include, for instance, simple catalog lookup requests or 
transactions and combinations of transactions that read, 
change and add speci?ed records in the database. Often, 
these requests are made using formal query languages such 
as Structured Query Language (SQL). Illustratively, SQL is 
used to construct a query that retrieves information from and 
updates information in a database. Commercially available 
databases include International Business Machines’ (IBM) 
DB2®, Microsoft’s® SQL Server, and database products 
from Oracle®, Sybase®, and Computer Associates®. The 
term “query” referrers to a set of commands that retrieves, 
inserts, or modi?es data from a database. Queries take the 
form of a command language that lets programmers and 
programs select, insert, update, determine the location of 
data, and the like. 

[0007] A database schema describes the structure of a 
database. One of the issues faced by data mining and 
database query applications, in general, is their close rela 
tionship With a given database schema (e.g., a relational 
database schema describing a set of tables and relationships 
among tables). This relationship makes it di?icult to support 
an application as changes are made to the corresponding 
underlying database schema. Further, it inhibits the migra 
tion of the application to alternative data representations. In 
today’s environment, the foregoing disadvantages are 
largely due to the reliance applications have on SQL, Which 
presumes that a relational model is used to represent infor 
mation being queried. Furthermore, a given SQL query is 
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dependent upon a particular relational schema, because 
speci?c database tables, columns and relationships are ref 
erenced by an SQL query. As a result of these limitations, a 
number of difficulties arise. 

[0008] One difficulty is that changes in the underlying 
relational data model require changes to the relational 
schema upon Which the corresponding application is built. 
Therefore, an application designer must either forgo chang 
ing the underlying data model to avoid application mainte 
nance or must change the application to re?ect changes in 
the underlying relational model. Another dif?culty is that 
extending an application to Work With multiple relational 
data models requires separate versions of the application to 
re?ect the unique SQL requirements of each relational 
schema or DBMS system. Yet another dif?culty is evolving 
the application to Work With alternate data representations 
because SQL is speci?cally designed for use With relational 
systems. Extending the application to support alternative 
data representations, such as XMLQuery, requires reWriting 
the application’s data management layer to use non-SQL 
data access methods. 

[0009] In addition, as the siZe and complexity of databases 
continues to groW, query optimiZation methods continue to 
be a critical focus of database operations. Not surprisingly, 
the state-of-the-art in query optimiZation is very advanced 
and requires extensive knowledge of many aspects of both 
the underlying physical database schema and the particular 
database engine against Which a query Will be executed. 
Such knoWledge in the art of query optimiZation is very 
valuable to making DBMS systems run ef?ciently. This is 
increasingly true as the complexity of database systems 
groW, especially in emerging ?elds such as life sciences 
(e.g., genomic and proteomic ?elds of study) Where the 
volume of data is immense. 

[0010] At the same time, hoWever, the increasing com 
plexity of database systems is driving a change in technol 
ogy that adds to the challenges of query optimiZation. 
Speci?cally, abstraction layers may be used to reduce the 
complexity faced by a user interacting With a modern 
database application and DBMS system. Some embodi 
ments of an abstract database provide a data abstraction 
model, or an abstract data layer, interposed betWeen a user 
interacting With a query application and an underlying 
representation used to store data (e.g., a relational database). 
One embodiment of an abstract data layer provides a set of 
logical ?elds that correspond With a users’ substantive vieW 
of the data. The logical ?elds are available for a user to 
compose queries that search, retrieve, add, and modify data 
stored in the underlying databases. Detailed examples of a 
data abstraction layer are described in a commonly oWned 
application “Application Portability and Extensibility 
Through Database Schema and Query Abstraction,” Ser. No. 
10/083,075, ?led Feb. 26, 2002, incorporated herein by 
reference in its entirety. 

[0011] One challenge for the database designer Where an 
abstraction layer exists is the ability of the database designer 
to optimiZe hoW an abstract query Will be executed, or hoW 
to optimiZe a query of the underlying DBMS system gen 
erated from an abstract query. The further the abstraction 
progresses, the harder it is for a database expert to tune the 
database, or for the database engine to optimiZe an indi 
vidual query, for the most ef?cient execution. Accordingly, 
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these changes in database design have created a need for 
techniques that, on one hand, provide users With the ability 
to compose queries that retain the simple, logical structure 
provided by a data abstraction model, and that, on the other 
hand, also provide for query optimization during query 
processing. 

SUMMARY OF THE INVENTION 

[0012] One embodiment of the invention provides a 
method for accessing data in an environment of multiple 
data repositories. The method generally includes providing, 
for a requesting entity, a data abstraction model comprising 
a plurality of logical ?elds for composing abstract queries. 
The method generally further includes providing, for each of 
the plurality of logical ?elds, an access method Which 
speci?es at least a method for accessing the data, and, 
Wherein at least one logical ?eld provides query optimiza 
tion data for optimizing at least one of (i) an abstract query 
composed using the logical ?elds of the data abstraction 
model and (ii) a corresponding resolved query contribution 
generated from the at least one logical ?eld. In addition to 
query optimization data, the logical ?elds may include other 
metadata. 

[0013] Another embodiment of the invention provides a 
method for accessing data in an environment of multiple 
data repositories. The method generally includes receiving, 
from a requesting entity, an abstract query composed accord 
ing to a query speci?cation, Wherein the query speci?cation 
de?nes a plurality of logical ?elds used to compose the 
abstract query, and Wherein at least one logical ?eld provides 
query optimization data for optimizing at least one of (i) an 
abstract query composed using the logical ?elds of the data 
abstraction model and (ii) a corresponding resolved query 
contribution generated from the abstract query. The method 
generally further includes transforming the abstract query 
into a resolved query consistent With a particular physical 
representation of the data according to an access method 
provided for each logical ?eld that maps each logical ?eld to 
the particular physical representation of the data in the 
multiple data repositories, and optimizing the resolved query 
consistent With the particular physical representation of the 
data using the query optimization data provided for the at 
least one logical ?eld. 

[0014] Another embodiment of the invention provides a 
system used to optimize abstract queries. The system gen 
erally includes a data abstraction model, con?gured to 
provide a set of logical ?elds used to compose an abstract 
query, Wherein each logical ?eld speci?es an access method 
for accessing a data source associated With the logical ?eld 
and Wherein at least one logical ?eld provides query opti 
mization data for optimizing at least one of an abstract query 
composed using the logical ?elds of the data abstraction 
model and a corresponding resolved query generated from 
the abstract query. The system generally further includes a 
runtime component con?gured to receive the abstract query, 
and in response, (i) to generate a query contribution for each 
logical ?eld included in the abstract query, (ii) to merge the 
query contributions into the resolved query, and (iii) to issue 
the resolved query to the data source; and an optimization 
component con?gured to optimize the query contribution 
generated for the at least one logical ?eld using the optimi 
zation data from the at least one logical ?eld. 

[0015] Another embodiment of the invention provides a 
computer-readable medium containing a program Which, 
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When executed by a processor, performs operations for 
providing access to data in an environment of multiple data 
repositories. The operations generally include receiving, 
from a requesting entity, an abstract query composed accord 
ing to a query speci?cation, Wherein the query speci?cation 
provides a de?nition for a plurality of logical ?elds used to 
compose the abstract query and Wherein at least one logical 
?eld provides query optimization data for optimizing at least 
one of an abstract query composed using the logical ?elds 
de?ned in the query speci?cation and a corresponding 
resolved query generated from the abstract query. The 
operations generally further include transforming the 
abstract query into a resolved query consistent With a 
particular physical representation of the data according to an 
access method provided for each logical ?eld that maps each 
logical ?eld to the particular representation of the data in the 
multiple data repositories, and optimizing the resolved query 
consistent With the particular physical representation of the 
data representation using the optimization data provided for 
the at least one logical ?eld. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] So that the manner in Which the above recited 
features of the present invention are attained and can be 
understood in detail, a more particular description of the 
invention, brie?y summarized above, may be had by refer 
ence to the embodiments thereof Which are illustrated in the 
appended draWings. 

[0017] Note, hoWever, that the appended draWings illus 
trate embodiments of the present invention and are not, 
therefore, to be considered limiting of its scope, for the 
invention may admit to other equally effective embodi 
ments. 

[0018] FIG. 1 illustrates a netWorked computing system 
according to one embodiment of the invention. 

[0019] FIG. 2A is an illustrative relational vieW of soft 
Ware components. 

[0020] FIG. 2B illustrates an abstract query and corre 
sponding data repository abstraction component, according 
to one embodiment of the invention. 

[0021] FIG. 3 is a How chart illustrating the operation of 
a runtime component and an optimization component, 
according to one embodiment of the invention. 

[0022] FIG. 4 is a How chart illustrating the operation of 
a runtime component and an optimization component, 
according to one embodiment of the invention. 

[0023] 
[0024] FIG. 5B illustrates an abstract query and a corre 
sponding data repository abstraction component, according 
to one embodiment of the invention. 

FIG. 5A shoWs an illustrative abstract query. 

[0025] FIG. 6 illustrates an abstract query and a corre 
sponding data repository abstraction component, according 
to one embodiment of the invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Introduction 

[0026] Embodiments of the present invention generally 
provide methods, systems, and articles of manufacture to 
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optimize the execution of abstract queries issued against a 
data abstraction model. A data abstraction model may pro 
vide information about the data that generalized databases 
are not capable of using or understanding. Because an 
abstract query is “late-bound” to a resolved query (i.e., a 
query consistent With a particular physical representation of 
data) for execution, the opportunity exists for the optimiza 
tion of resolved query generated from an abstract query. As 
part of query processing, the optimization data made avail 
able in the data abstraction model may be used to optimize 
a resolved query. 

[0027] In one embodiment of a data abstraction layer, 
users may compose an abstract query using a set of logical 
?elds de?ned by the data abstraction model. The data 
abstraction model, along With an abstract query interface, 
provides users With an abstract vieW of the data available to 
query (i.e., search, select, and modify). The data itself is 
stored in a set of underlying physical databases using a 
concrete physical representation (e.g., a relational database). 
The physical representation may include a single computer 
system, or may comprise many such systems accessible over 
computer netWorks. Where multiple data sources are pro 
vided, each logical ?eld may be con?gured to include a 
location speci?cation identifying the location of the data to 
be accessed. A runtime component is con?gured to resolve 
an abstract query into a query processed by the underlying 
physical data repositories. In one embodiment, the data 
abstraction layer is further con?gured to include query 
optimization data used to optimize the resolved query gen 
erated from the abstract one. 

[0028] Query optimization data may be stored outside the 
abstract query itself. This alloWs the underlying physical 
database environment to change over time and also alloWs a 
query to automatically take advantage of the optimizations 
that are possible based on the underlying DBMS environ 
ment. That is, the query optimization process may respond 
to changes in the underlying databases. Further, this enables 
the same query, When shared betWeen systems, to be opti 
mized depending on the underlying physical systems, 
thereby optimizing itself on demand to the particular query 
environment in Which the query is being executed. 

[0029] One embodiment of the invention is implemented 
as a program product for use With a computer system such 
as, for example, the computer system 100 shoWn in FIG. 1 
and described beloW. The program product de?nes functions 
of the embodiments (including the methods) described 
herein and can be contained on a variety of signal-bearing 
media. Illustrative signal-bearing media include, Without 
limitation, (i) information permanently stored on non-Writ 
able storage media (e.g., read-only memory devices Within 
a computer such as CD-ROM disks readable by a CD-ROM 
drive); (ii) alterable information stored on Writable storage 
media (e.g., ?oppy disks Within a diskette drive or hard-disk 
drive); and (iii) information conveyed across communica 
tions media, (e.g., a computer or telephone netWork) includ 
ing Wireless communications. The latter embodiment spe 
ci?cally includes information shared over the internet and 
other large computer netWorks. Such signal-bearing media, 
When carrying computer-readable instructions that perform 
methods of the present invention, represent embodiments of 
the present invention. 

[0030] In general, softWare routines implementing 
embodiments of the invention may be part of an operating 
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system or part of a speci?c application, component, pro 
gram, module, object, or sequence of instructions such as a 
script. The softWare routines typically comprise a plurality 
of instructions capable of being performed using a computer 
system. Also, programs typically include variables and data 
structures that reside in memory or on storage devices as part 
of their operation. In addition, various programs described 
herein may be identi?ed based upon the application for 
Which they are implemented. Those skilled in the art Will 
recognize, hoWever, that any particular nomenclature or 
speci?c application that folloWs is used to facilitate a 
description of the invention and does not limit the invention 
for use solely With a speci?c application or nomenclature. 
Furthermore, the functionality of programs described herein 
using discrete modules or components interacting With one 
another. Those skilled in the art Will recognize that different 
embodiments may combine or merge such components and 
modules in many different Ways. 

[0031] Further, the folloWing description references 
embodiments of the invention. The invention is not, hoW 
ever, limited solely to any speci?cally described embodi 
ment; instead, any combination of the folloWing features and 
elements, Whether related to a particular embodiment 
described herein, is contemplated to implement and practice 
the invention. Furthermore, embodiments of the invention 
provide advantages over the prior art. Although embodi 
ments of the invention may achieve advantages over other 
possible solutions or over the prior art, Whether or not a 
particular advantage is achieved by a given embodiment is 
not limiting of the invention. Thus, the folloWing aspects, 
features, embodiments, and advantages are merely illustra 
tive and neither considered elements nor limitations of the 
appended claims except Where explicitly recited in a speci?c 
claim. Similarly, references to “the invention” shall not be 
construed as a generalization of any inventive subject matter 
disclosed herein and shall not be considered an element or 
limitation of the appended claims, except Where explicitly 
recited in a speci?c claim. 

Physical VieW of Environment 

[0032] FIG. 1 depicts a block diagram of a netWorked 
system 100 in Which embodiments of the present invention 
may be implemented. In general, the netWorked system 100 
includes a client computer 102 (three such client computers 
102 are shoWn) and at least one server 104. The client 
computer 102 and the server computer 104 are connected via 
a netWork 126. The netWork 126 may be a local area netWork 
or Wide area netWork. In one embodiment, computer sys 
tems 102 and 104 are connected over the Internet. 

[0033] The client computer 102 includes a Central Pro 
cessing Unit (CPU) 110 connected via a bus 130 to memory 
112 and storage 114. Storage 114 is preferably a direct 
access storage device. Typical such devices include IDE, 
SCSI, or RAID managed hard drive(s). Although shoWn as 
a single unit, storage 114 may comprise a combination of 
?xed and/or removable storage devices, such as ?xed disc 
drives, ?oppy disc drives, tape drives, removable memory 
cards, or optical storage. The memory 112 comprises client 
computer’s 102 internal storage areas. Memory 112 includes 
memory storage devices that come in the form of chips (e. g., 
SDRAM or DDR memory modules). 

[0034] In addition, each of the client computers 102 may 
include additional components not illustrated in FIG. 1, 
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such as I/O devices (e.g., keyboard, mouse pointer, CD 
Rom, USB devices), and may also include other specialized 
hardware. Further, each client computer 102 is running an 
operating system, (e.g., a Linux® distribution, Microsoft 
WindoWs®, IBM’s AIX®, FreeBSD, and the like) to man 
age interactions betWeen hardWare components and higher 
level software applications. 

[0035] As illustrated, FIG. 1 shoWs memory 112 contain 
ing a broWser program 122 that provides support for navi 
gating betWeen various servers (e.g. server 104) and sharing 
data betWeen them. In one embodiment, the broWser pro 
gram 122 comprises a Web-based Graphical User Interface 
(GUI), Which alloWs the user to display Hyper Text Markup 
Language (HTML) documents (i.e., Web-pages). More gen 
erally, the broWser program 122 may be any GUI-based 
program capable of rendering the information transmitted 
from the server computer 104. In addition, application 
programs 125 are illustrated as being resident in memory 
112. Application programs 125 may comprise any softWare 
program con?gured to compose, process, and issue abstract 
queries according to the abstract query speci?cation 142. 

[0036] The server computer 104 may be physically similar 
to the client computer 102. Accordingly, the server computer 
104 is shoWn generally comprising a CPU 130, memory 132 
and storage device 134, coupled by bus 136. Also, server 
computer 104, like client computer 102, may include addi 
tional components not illustrated in FIG. 1, such as I/O 
devices (e.g., keyboard, mouse pointer, CD-Rom, USB 
devices, monitor display and the like), and may also include 
other specialized hardWare. More generally, the client com 
puter 102 and server computer 104 are labeled as such due 
to their respective function and on the softWare processes 
running thereon and not necessarily on any difference in the 
physical components used to construct each computer sys 
tem. Server computer 104 is also running an operating 
system, (e.g., a Linux® distribution, Microsoft WindoWs®, 
IBM’s AIX®, FreeBSD, and the like) to manage interactions 
betWeen hardWare components and higher-level softWare 
applications. 

[0037] As illustrated in FIG. 1, memory 132 of server 
computer 104 includes one or more applications 140 and an 
abstract query interface 146. The applications 140 and the 
abstract query interface 146 are softWare products compris 
ing a plurality of instructions that reside in the storage 
devices in the computer system 104. When read and 
executed by processor(s) 130 on server 104, the applications 
140 cause the server 104 to perform the steps necessary to 
execute steps or elements embodying the various aspects of 
the invention. The applications 140 process queries against 
an abstract database. 

[0038] An abstract query is resolved into a query consis 
tent With the physical representations used to store data, e.g., 
data stored in local databases 156l . . . 156N, and remote 

databases 157l . . . 157N. (Collectively referred to as 

databases 156-157.) Illustratively, databases 156 are shoWn 
as part of a database management system (DBMS) 154 in 
storage 134. More generally, as used herein, the terms 
“databases”, “data source” or “data repository” refer to any 
collection of data regardless of the particular physical rep 
resentation. For example, databases 156-157 may be orga 
nized according to a relational schema (accessible by SQL 
queries) or according to an XML schema (accessible by 
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XML queries). As used herein, the term “schema” generi 
cally refers to a particular arrangement of data. The inven 
tion is not limited, hoWever, to a particular database schema 
and contemplates extension to schemas presently unknoWn. 
Accordingly, the data abstraction layer provides access to a 
set of underlying data repositories that may evolve, in terms 
of schema, location, accessibility, and the like, over time. 

[0039] In one embodiment, the queries issued by applica 
tions 140 are de?ned according to an application query 
speci?cation 142 included With each application 140. The 
queries issued by the applications 140 may be prede?ned 
(i.e., hard coded as part of the applications 140) or may be 
generated in response to input (e.g., user input). In either 
case, the queries (referred to herein as “abstract queries”) are 
composed using logical ?elds de?ned by the abstract query 
interface 146. In particular, the logical ?elds used in the 
abstract queries are de?ned by a data repository abstraction 
component 148 of the abstract query interface 146. The 
abstract queries are executed by a runtime component 150 
that transforms the abstract queries into a form consistent 
With the physical representation of the data contained in one 
or more of the databases 156-157, and returns results to a 
requesting entity. The application query speci?cation 142 
and the abstract query interface 146 are further described 
With reference to FIGS. 2A-B. 

[0040] As illustrated in FIG. 1, abstract query interface 
146 may include query optimization component 155 (also 
referred to as the query optimizer 155) used to optimize the 
queries generated by runtime component 150. In one 
embodiment, optimization component 155 comprises a com 
puter program running on server 104. The optimization 
component 155 is con?gured to cooperatively interact With 
runtime component 150. The optimization component 155 is 
con?gured to inspect the underlying physical databases 
(e.g., the speci?cs of version, product, etc.) and query 
optimization metadata provided by the data abstraction 
layer, and to use this information to build the most ef?cient 
queries. Although illustrated in FIG. 1 as separate elements, 
the runtime and optimization components (150 and 155) 
may be con?gured as a single program executing on server 
104. 

[0041] In one embodiment, a user interacting With an 
application program 125 or broWser program 122 speci?es 
elements of an abstract query. Susch elements may include 
the ?elds to search for data, the data to return from the 
search, and the conditions to search upon. The content 
rendered by these programs is generated by the application 
140. In a particular embodiment, the GUI content is hyper 
text markup language (HTML) data that may be rendered on 
the client computer system 102 With the broWser program 
122. Accordingly, the memory 132 includes a Hypertext 
Transfer Protocol (HTTP) server process 152 (e.g., a Web 
server such as the open source Apache Web-sever program 
or IBM’s WebSphere® program) adapted to service requests 
from the client computer 102. For example, HTTP daemon 
138 may respond to requests to access databases 156, 
residing on the server 104. Where the remote databases 157 
are accessed via the application 140, the data repository 
abstraction component 148 is con?gured With a location 
speci?cation identifying the database containing the data to 
be retrieved. 

[0042] Those skilled in the art Will recognize that FIG. 1 
is merely one hardWare and softWare con?guration for the 
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networked client computer 102 and server computer 104, 
and that embodiments of the present invention can apply to 
any comparable hardware con?guration, regardless of 
Whether the computer systems are complicated, multi-CPU 
computing systems, single-user Workstations, or netWork 
appliances Without non-volatile storage of their oWn. Addi 
tionally, it is understood that Where reference is made to 
particular markup languages, including HTML, the inven 
tion is not limited to a particular language, standard or 
version. Accordingly, persons skilled in the art Will recog 
niZe that the invention is adaptable to other markup lan 
guages as Well as non-markup languages and that the 
invention is also adaptable to future changes in a particular 
markup language as Well as to other languages presently 
unknoWn. LikeWise, the HTTP server process 152 shoWn in 
FIG. 1 is merely illustrative, and other embodiments 
adapted to support any knoWn and unknoWn protocols for 
data communications betWeen computer systems are con 
templated. 

Logical/Runtime VieW of Environment 

[0043] FIGS. 2A-B illustrate a plurality of interrelated 
components of the invention. The requesting entity com 
poses an abstract query 202 according to a respective 
application query speci?cation 142. The resulting abstract 
query 202 is generally referred to herein as an “abstract 
query” because it is composed using the abstract (i.e., 
logical) ?elds provided by the data abstraction model rather 
than by direct reference to the underlying schemas of 
databases 156-157. As a result, abstract queries may be 
de?ned that are independent of the particular underlying 
data representations (e.g., a relational database and SQL 
schema). The application query speci?cation 142 may de?ne 
both the criteria available for data selection (selection cri 
teria 204) and the ?elds that may be returned to a user (return 
data speci?cation 206) based on the selection criteria 204. 

[0044] The logical ?elds speci?ed by the application query 
speci?cation 142, and used to compose the abstract query 
202, are de?ned by the data repository abstraction compo 
nent 148. The application query speci?cation 142 may 
de?ne both the criteria available for data selection (selection 
criteria 204) and the ?elds that may be returned to a user 
(return data speci?cation 206) based on the selection criteria 
204. 

[0045] In addition, each logical ?eld may include optimi 
Zation data. Optimization data may be related to the sub 
stantive data stored in a database, relationships among 
logical ?elds in the data repository abstraction component, 
or the underlying database schema. Once a user composes an 
abstract query and provides it to the system for processing, 
the runtime component 150 resolves the abstract query into 
a query that may be issued against the underlying physical 
databases 156-157 (e.g., an SQL query of a relational 
database). Additionally, query optimization component 155 
may optimiZe an abstract query using any appropriate opti 
miZation technique. Several illustrative optimiZation tech 
niques are described in detail beloW. 

[0046] Referring to FIG. 2B, in one embodiment, the data 
repository abstraction component 148 comprises a plurality 
of logical ?eld speci?cations 208l_5 (?ve shoWn by Way of 
example), collectively referred to as logical ?eld speci?ca 
tions 208. Speci?cally, a ?eld speci?cation is provided for 
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each logical ?eld available to include as part of an abstract 
query. In one embodiment, each ?eld speci?cation 208 
comprises a logical ?eld name 210l_5 (collectively, ?eld 
name 210) and an associated access method 212l_5 (collec 
tively, access method 212). The access methods associate 
(i.e., map) the logical ?eld names to a particular physical 
data representation 2141, 2142_N in a database (e.g., one of 
the databases 156). By Way of illustration, tWo data repre 
sentations are shoWn, including an XML data representation 
2141 and a relational data representation 2142. HoWever, the 
physical data representation 214N indicates that any other 
data representation, knoWn or unknoWn, is contemplated. 

[0047] Depending upon the number of different logical 
?elds supported by the data abstraction layer, any number of 
access methods are contemplated. For example, one embodi 
ment provides access methods for simple ?elds, ?ltered 
?elds, and composed ?elds. The ?eld speci?cations 2081, 
2082 and 2085 exemplify simple ?eld access methods 2121, 
2122, and 2125, respectively. Simple ?elds map directly to a 
particular entity in the underlying physical data representa 
tion (e.g., a simple ?eld may map to a table and column of 
a relational database). Illustratively, the simple ?eld access 
method 2121 shoWn in FIG. 2B maps the logical ?eld name 
210l (“FirstName”) to a column named “f_name” in a table 
named “contact”. The ?eld speci?cation 2083 exempli?es a 
?ltered ?eld access method 2123. Filtered ?elds identify an 
associated physical entity and provide rules used to de?ne a 
particular subset of items Within the physical data represen 
tation. An example is provided in FIG. 2B in Which the 
?ltered ?eld access method 2123 maps the logical ?eld 
“AnytoWnLastName” to a physical entity in a column 
named “I_name” in a table named “contact” and de?nes a 
?lter for individuals in the city of AnytoWn. Another 
example of a ?ltered ?eld is a NeW York ZIP code logical 
?eld that maps to a physical representation of ZIP codes and 
restricts the data only to those ZIP codes de?ned for the state 
of NeW York. 

[0048] Field speci?cation 2084 exempli?es a composed 
?eld access method 2124. Composed access methods com 
pute a value from one or more ?elds (either abstract ?elds or 
data from a database) using an expression supplied as part of 
the access method de?nition. In this Way, information that 
does not exist in the underlying database may be computed. 
In the example illustrated in FIG. 2B, the composed ?eld 
access method 2124 maps the logical ?eld name 2104 “Age 
InDecades” to “AgeInYears/ 10”. Other illustrative examples 
of a composed ?eld includes is a sales tax ?eld that is 
composed by multiplying a sales price ?eld by a sales tax 
rate or a name composed by concatenating individual ?rst 
name and last name ?elds described above. 

[0049] It is contemplated that the formats for any given 
data type (e.g., dates, decimal numbers, etc.) of the under 
lying data may vary. Accordingly, in one embodiment, the 
?eld speci?cations 208 include a type attribute that re?ects 
the format of the underlying data. HoWever, in another 
embodiment, the data format of the ?eld speci?cations 208 
is different from the associated underlying physical data, in 
Which case an access method is responsible for returning 
data in the proper format assumed by the requesting entity. 
Thus, the access method must knoW What format of data is 
assumed (i.e., according to the logical ?eld) as Well as the 
actual format of the underlying physical data. The access 
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method can then convert the underlying physical data into 
the format of the logical ?eld. 

[0050] By Way of example, ?eld speci?cations 208 of data 
repository abstraction component 148 shoWn in FIG. 2 are 
representative of logical ?elds mapped to data represented in 
the relational data representation 2142. However, other 
instances of the data repository abstraction component 148 
map logical ?elds to other physical data representations, 
such as XML. An illustrative abstract query corresponding 
to the abstract query 202 shoWn in FIG. 2 is shoWn in Table 
I beloW. By Way of illustration, the data repository abstrac 
tion 148 is de?ned using XML. HoWever, any other lan 
guage may be used to advantage. 

TABLE I 

Query Example 

001 <?xml version=“l.0”?> 
002 <!——Query string representation: (FirstNaIne = “Mary” AND 

LastNaIne = 

003 “McGoon”) OR State = “NC”——> 
004 <QueryAbstraction> 
005 <Selection> 
006 <Condition internalID=“4”> 
007 <Condition ?eld=“FirstNaIne” operator=“EQ” value=“Mary” 
008 intemalID=“l”/> 
009 <Condition ?eld=“LastNaIne” operator=“EQ” value= 

“McGoon” 
010 intemalID=“3 ” relOperator=“AND"></Condition> 

011 </Condition> 
012 <Condition ?eld=“State” operator=“EQ” value=“NC” 

intemalID=“2” 
013 relOperator="OR”></Condition> 
014 </Selection> 
015 <Results> 
016 <Field naIne=“FirstNaIne”/> 
017 <Field naIne=“LastNaIne”/> 
018 <Field naIne=“Street”/> 
019 </Results> 
020 </QueryAbstraction> 

Illustratively, the abstract query shoWn in Table I includes a 
selection speci?cation (lines 005-014) containing selection 
criteria and a results speci?cation (lines 015-019). In one 
embodiment, a selection criterion consists of a ?eld name 
(for a logical ?eld), a comparison operator (=, >, <, etc) and 
a value expression (What is the ?eld being compared to). In 
one embodiment, result speci?cation is a list of abstract 
?elds that are to be returned as a result of query execution. 
A result speci?cation in the abstract query may include a 
?eld name and sort criteria. 

[0051] FIG. 3 illustrates an exemplary runtime method 
300 of the operation of runtime component 150, according 
to one embodiment of the invention. The method 300 is 
entered at step 302 When the runtime component 150 
receives as input an instance of an abstract query (such as the 
abstract query 202 shoWn in FIG. 2). At step 304, the 
runtime component 150 parses the instance of the abstract 
query and locates individual selection criteria and desired 
result ?elds. At step 306, the runtime component 150 enters 
a loop (comprising steps 306, 308, 310 and 312) for pro 
cessing each query selection criteria statement present in the 
abstract query, thereby building a data selection portion of a 
resolved query. In one embodiment, a selection criterion 
consists of a ?eld name (for a logical ?eld), a comparison 
operator (=, >, <, etc.) and a value expression (i.e., What is 
the ?eld being compared to). At step 308, the runtime 
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component 150 uses the ?eld name from a selection criterion 
of the abstract query to look up the de?nition of the ?eld in 
the data repository abstraction 148. 

[0052] As noted above, the ?eld de?nition includes a 
de?nition of the access method used to access the physical 
data associated With the ?eld. The runtime component 150 
then builds (step 310) a query contribution for the logical 
?eld being processed. As de?ned herein, a query contribu 
tion is a portion of a resolved query that is used to perform 
data selection based on the current logical ?eld. A resolved 
query is a query represented in languages like SQL and 
XML Query and is consistent With the data of a given 
physical data repository (e.g., a relational database or XML 
repository). The resolved query is used to locate and retrieve 
data from a physical data repository, represented by the 
databases 156-157 shoWn in FIG. 1. The resolved query 
contribution generated for the current ?eld is then added to 
a resolved query statement. Accordingly, the resolved query 
statement is composed from the individual contributions. 
The resolved query statement may be a composite of all the 
query contributions executed against an underlying DBMS 
as a single query, or may also be multiple, discrete queries. 
The method 300 then returns to step 306 to begin processing 
for the next ?eld of the abstract query. Accordingly, the 
process entered at step 306 is iterated for each data selection 
?eld in the abstract query. 

[0053] After building the data selection portion of the 
resolved query, the runtime component 150 identi?es the 
information speci?ed in the abstract query to be returned as 
a result of query execution. The abstract query may provide 
a plurality of logical ?elds that are to be returned as a result 
of query execution, referred to herein as a result speci?ca 
tion. A result speci?cation in the abstract query may include 
a ?eld name and sort criteria. Accordingly, the method 300 
enters a loop at step 314 (de?ned by steps 314, 316, 318 and 
320) to add result ?eld de?nitions to the resolved query 
statement generated. At step 316, the runtime component 
150 retrieves a result ?eld name (from the result speci?ca 
tion of the abstract query) in the data repository abstraction 
148 and a result ?eld de?nition from the data repository 
abstraction 148 to identify the physical location of data to be 
returned. The runtime component 150 then builds (at step 
318) a resolved query contribution for the logical ?eld 
included in the results criteria of the abstract query. At step 
320, the query contribution is added to the resolved query 
statement. 

[0054] In one embodiment, the resolved query statement 
may comprise multiple queries. For example, Where mul 
tiple data repositories are included in the data abstraction 
model, the runtime component may generate separate que 
ries for each underlying physical data repository as neces 
sary to process and execute an abstract query. In such an 
embodiment, the runtime component 150 issues the multiple 
queries and merges the results. Additionally, Whether the 
runtime component generates one or more resolved queries 
While processing an abstract query, an optimiZation compo 
nent 155 may be used to modify the resolved queries prior 
to execution on the underlying DBMS system or systems. 

[0055] After the run time component 150 builds query 
contributions for the selection and results ?elds, optimiZa 
tion component 155 may modify the query using any 
appropriate optimiZation technique. In addition, query opti 
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miZation component 155 may modify each query contribu 
tion generated at steps 310 and 318. Thus, query optimiZa 
tion may occur on tWo levels. First, each logical ?eld may 
include optimization data used to optimiZe each individual 
query contribution. Once the resolved query statement is 
generated, it may again be optimized across the contribu 
tions. Once each of the ?elds in the abstract query has been 
processed and any optimiZations to the query have been 
made, the query is executed at step 322. 

[0056] One embodiment of a method 400 for building and 
optimiZing resolved query contributions for a logical ?eld 
according to steps 310 and 318 is described With reference 
to FIG. 4. At step 402, the method 400 queries Whether the 
access method associated With the current logical ?eld is a 
simple access method. If so, the resolved query contribution 
is built (step 404) based on physical data location informa 
tion and optimiZed (step 405). Processing then continues 
according to method 300 described above. OtherWise, pro 
cessing continues to step 406 to query Whether the access 
method associated With the current logical ?eld is a ?ltered 
access method. If so, a resolved query contribution is built 
(step 408) based on physical data location information for 
some physical data entity. At step 410, the resolved query 
contribution is extended With additional logic (?lter selec 
tion) used to subset data associated With the physical data 
entity. The query contribution, With the ?lter selection, is 
optimiZed at step 411. Processing then continues according 
to method 300 described above. 

[0057] If the access method is not a ?ltered access method, 
processing proceeds from step 406 to step 412 Where the 
method 400 queries Whether the access method is a com 
posed access method. If the access method is not a ?ltered 
access method, processing proceeds from step 406 to step 
412 Where the method 400 queries Whether the access 
method is a composed access method. If the access method 
is a composed access method, the physical data location for 
each sub-?eld reference in the composed ?eld expression is 
located and retrieved at step 414. At step 416, the physical 
?eld location information of the composed ?eld expression 
is substituted for the logical ?eld references of the composed 
?eld expression, Whereby the concrete query contribution is 
generated. Processing then continues according to method 
300 described above. The query contribution generated for 
the logical ?eld is optimiZed at step 417. Processing then 
continues according to method 300 described above. 

[0058] If the access method is not a composed access 
method, processing proceeds from step 412 to step 418. Step 
418 is representative of any other access methods types 
contemplated as embodiments of the present invention. 
HoWever, it should be understood that embodiments are 
contemplated in Which less then all the available access 
methods are implemented. For example, in a particular 
embodiment only simple access methods are used. In 
another embodiment, only simple access methods and ?l 
tered access methods are used. 

[0059] For some logical ?elds, conditions, or return val 
ues, it may be necessary to perform a data conversion if a 
logical ?eld speci?es a data format different from the 
underlying physical data. In one embodiment, an initial 
conversion is performed for each respective access method 
When building a concrete query contribution for a logical 
?eld according to the method 400. For example, the con 
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version may be performed as part of, or immediately fol 
loWing, the steps 404, 408 and 416. A subsequent conversion 
from the format of the physical data to the format of the 
logical ?eld is performed after the query is executed at step 
322. Of course, if the format of the logical ?eld de?nition is 
the same as the underlying physical data, no conversion is 
necessary. 

[0060] One embodiment extends the data repository 
abstraction component 148 to include description of a mul 
tiplicity of data sources that can be local and/or distributed 
across a netWork environment. The data sources may use a 

multitude of different data representations and data access 
techniques. In one embodiment, this is accomplished by 
con?guring the access methods of the data repository 
abstraction component 148 With a location speci?cation that 
identi?es (for at least one logical ?eld) a remote location 
Where the data associated With the logical ?eld resides. 
Additional examples of such embodiments are described in 
a commonly oWned, currently pending application, “Remote 
Data Access and Integration of Distributed Data Sources 
through Data Schema and Query Abstraction,” Ser. No. 
10/ 131,984, ?led Apr. 25, 2002, incorporated in entirety by 
reference. 

Abstract Query OptimiZation Techniques 

[0061] This description has, thus far, described the data 
repository abstraction component 148 that provides a logical 
vieW of the data and exemplary methods for the runtime 
component 150 to resolve an abstract query into a query 
executed against underlying physical databases 156-157. 
Additionally, as described above, While processing abstract 
queries, the runtime component 150 and optimiZation com 
ponent 155 interact to optimiZe the query ultimately 
executed against databases 156-157. FIGS. 5-8 illustrate a 
number of speci?c query optimiZation techniques that the 
runtime component 150 and optimiZation component 155 
may employ to optimiZe a physical query generated from an 
abstract query. 

RoW OptimiZation 

[0062] FIG. 5A illustrates an abstract query 502 that the 
optimiZing component 155 may optimiZe based on the 
number of roWs that the query anticipates to be returned. 
RoW optimiZation is a technique used to optimiZe an SQL 
query, and a particular SQL query may be optimiZed for 1, 
N, or ALL roWs. In optimiZing an SQL query, hoWever, a 
traditional SQL query optimiZer is typically unable to deter 
mine hoW many roWs to optimiZe for from the query itself; 
rather, this information must be supplied. In one embodi 
ment, logical ?eld speci?cations may be extended to include 
roW optimiZation data. 

[0063] As illustrated, FIG. 5A includes an abstract query 
502 composed using the selection ?elds 504 that include 
“State=Wisconsin” and “Treatment=Cancer”. In addition, 
result ?elds 508 include a “?rst name”, “last name”, and 
“age” as output conditions for example query 502. As 
illustrated, the abstract query includes output conditions 606 
that include an output format “HTML” and a “roWs per 
page” setting of 10. 

[0064] In one embodiment, a user composes queries (eg 
such as abstract query 502) using a Web-based interface that 
includes a Web-broWser 122 communicating With http server 
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152. The HTML rendered by browser program 122 may be 
con?gured to display a representation of abstract query 
interface 146, thereby allowing the user to compose an 
abstract query using logical ?elds 208. The output settings 
506 may not be part of each individual query; rather, they 
may be settings associated With the abstract query interface 
146. Either Way, the optimization component 155 may use 
the display settings (or other relevant con?guration data) to 
make an inference about the expected results data. For 
example, With a setting of HTML, and a “roWs per page” 
setting of “10”, it is unlikely that the user is expecting (or 
interested in) hundreds of roWs of results, and the optimi 
zation component 155 can modify the resolved query con 
tributions accordingly. 

[0065] In one embodiment, the logical ?eld speci?cation 
208 for a logical ?eld may be extended to include roW 
optimization metadata. FIG. 5B illustrates another example 
of an abstract query 508. In this example, the logical ?eld 
518 of data repository abstraction component 516 is 
included in abstract query 508. Abstract query 508 includes 
selection criteria 510 and result ?elds 512. As illustrated, the 
selection criteria include a conditional test 514 that restricts 
the values returned for the example logical ?eld. The 
abstract query 508 returns the names of individuals Who 
have taken Test_Y and the value for Test_Y, but the selection 
criteria limits the results to individuals Who have also taken 
Test_X With a result value greater than 30. Scienti?c 
researchers may use queries like abstract query 508 to seek 
out correlative relationships betWeen different test proce 
dures or medical conditions Within a given cohort of indi 
viduals. 

[0066] The logical ?eld 518 includes ?eld name 519 and 
access method 520. In this example, the logical ?eld 518 is 
extended to include optimization metadata 5221 used by the 
optimization component 155 to optimize the query contri 
bution generated for logical ?eld 518 (e.g., as part of steps 
310 or 318 of operations 300) or overall query optimization 
(e.g., as part of step 321 of operations 300). The bounds 
attribute 5221 may be used to provide speci?c attributes 
about ?eld 518 to the query optimizer 155 regardless of the 
underlying access method. For example, the bounds 5221 
may represent the expected value ranges for “Test_X” that 
Would be expected for “healthy” people to Whom “Test_X” 
is administered. These values may be used to estimate the 
number of roWs that the query Will return, given the condi 
tion. Accordingly, the condition “resultsi30” may indicate 
to the optimizing component 155 that a loW number of 
results are expected because of the conditional value. The 
optimizing component 155 may use the expected number of 
roWs to select among different possible join orders used for 
a resolved query contribution accessing the data of a rela 
tional table. An SQL query optimizer is unable to perform 
this optimization Without the bounds metadata 5221 pro 
vided by the logical ?eld speci?cation. 

[0067] Apart from the query speci?c optimization used by 
bounds conditions 5221, optimization metadata 5222 may 
also provide system speci?c information associated With a 
particular access method. This information may include 
speci?cs of version, product, or schema relevant to query 
optimization. Because the same logical ?eld may be used by 
different parties, the underlying physical mechanism used to 
store the same data may be may be different. Thus, the query 

May 4, 2006 

optimization component 155 may be used to optimize the 
logical ?eld depending on the environment actually used by 
different parties. 

[0068] Another roW optimization technique involves “test 
?elds” (e.g., logical ?eld 518). A common relational data 
base structure is to store test results for many different types 
of test in a single table With a column to indicate different 
test types. Test ?elds included in abstract queries typically 
generate derived tables during query processing. This is so 
because test ?elds typically retrieve values for a particular 
test from a table that contains values for many tests. Derived 
tables present another abstract layer optimization that the 
optimization technique component 155 may be con?gured 
to employ. As those skilled in the art Will recognize, in SQL, 
a derived table is a select statement inside parenthesis, With 
an alias, used as a table in a join. The runtime component 
150 may generate a query contribution from a test ?eld that 
includes several derived tables Within a single SQL query. 
For example, the folloWing SQL statement includes a 
derived table. 

[0069] select* from X join (select* from y join Z Where 
Y.criteria and Z.criteria) Where X.criteria. 

When an SQL query includes a derived table, the tradi 
tional SQL query optimizer Will often attempt to merge 
this derived table With the higher layer SQL. In other 
Words, an SQL optimizer may seek to unpack the 
embedded derived table into a single query. Thus, an 
SQL query optimizer might reWrite the above SQL 
statement as: 

[0070] select* from X join Y join Z Where Y.criteria and 
Z.criteria and X.criteria. 

The optimizer chooses this optimization because in 
almost all cases, using a single “select” statement 
provides superior performance. In some cases, hoW 
ever, Where the derived table is very sparse (i.e., the 
query selects only a handful of records are selected out 
of a large number of potential roWs) the original query 
may be more ef?cient if the derived table is material 
ized (i.e., the sub query select statement is not 
unpacked). In such a case, the query optimizer 155 can 
compare data from the ?eld optimization metadata 522 
and the result condition 514 and determine that only a 
feW records are likely to be selected from the derived 
table, and accordingly, not modify the query to avoid 
the derived table materialization. 

Field Correlations 

[0071] In one embodiment, the query optimizer 155 may 
be con?gured to optimize a query using correlations among 
logical ?elds. Logical ?eld speci?cation 208 may include 
optimization data that indicates hoW different ?elds are 
related to one another. For example, FIG. 6 illustrates an 
abstract query 602 and a corresponding data repository 
abstraction component 604. As illustrated, abstract query 
602 retreives the “name”, “age”, and “age When diagnosed” 
of individuals diagnosed With a particular condition Who are 
also Asian females. Oftentimes, in medical research, differ 
ent geographic or ethic groups are more or less susceptible 
to different conditions. FIG. 6 illustrates an extended logical 
?eld de?nition 606 for the “test_x” logical ?eld to re?ect this 
metadata about the condition corresponding to “test_x”. 
Speci?cally, optimization data 607 includes an indication of 
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related ?elds. In this case, an ethnicity relation 608 for 
logical ?eld 612 and a geographic relation 610 for the 
geographic logical ?eld 614 are provided. 

[0072] The optimization component 155 may rely on the 
?eld relationship optimiZation data, and the content of a 
particular abstract query, to optimiZe the resolved query 
contribution generated for a logical ?eld. For example, if 
diagnosis X occurs predominantly in White males and only 
in 5% of Asian females, the optimiZation component 155 
may be able to optimiZe abstract query 602 to expect a small 
set of result data. Another query (e.g., one seeking all White 
males With diagnosis X) may be optimiZed for a large set of 
result data. Thus, embodiments of the present invention may 
optimiZe abstract queries, and the resolved query contribu 
tions generated therefrom, individually, depending on query 
content and the relationship among the ?elds included in a 
particular abstract query. 

Field Relevance Information 

[0073] Another optimiZation technique relies on ?eld rel 
evance and statistical values. In an embodiment Where 
multiple institutions are capable of interacting With data 
from an abstract database, a large data repository abstraction 
component may include thousands of ?elds, With access 
methods that map the ?elds to multiple, disparate physical 
data sources. A particular institution, hoWever, may special 
iZe and rely on a relatively small number of logical ?elds. 
The query optimiZation component 155 may be con?gured 
to optimiZe queries according to patterns associated With 
different groups of users. Additionally, the data abstraction 
model may specify statistical information that may be used 
to in?uence query processing order Where there is a large 
disparity betWeen the magnitudes of different sets of data. 

[0074] Consider, for example, a relational database With a 
“patients” table that includes roWs of data related to ?ve 
million individuals. Such a table should include a roughly 
equal distribution of males and females. Second, consider a 
Lab Data table With 800 Million roWs of data related to 5000 
different medical tests. A data repository abstraction com 
ponent may be constructed to include ?elds for patient data, 
as Well as multiple ?elds for the different tests. As an 
example, an abstract query composed to retrieve data from 
these tables might retrieve all males Who have been admin 
istered RareTestX and have a result greater than 200, such as 
folloWs: 

[0075] Abstract Query: Males With (RareTestX>200) 

[0076] FIG. 7 illustrates this abstract query 702 and a data 
repository abstraction component 748 corresponding to the 
RareTestX logical ?eld 706. With the appropriate optimiZa 
tion metadata, this abstract query may be optimiZed in a 
number of Ways: 

[0077] start With Males because it is the smaller table 

[0078] start With Males because its knoWn that there are 
only tWo values in the gender ?eld (i.e., M or F) 

[0079] start With the RareTestX condition because its 
only 1 of 5000 values 

Which optimiZation is preferred, hoWever, may depend on 
information not directly available from the underlying 
DBMS system. For example, the optimiZation metadata 
may provide speci?c expected ranges of values, statis 
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tical distributions, and the like. Again, many other 
optimiZations are possible depending on the abstraction 
created by the logical ?eld, the actual underlying archi 
tecture of the physical data repositories and the nature 
of the data being represented. Illustratively, tWo types 
of this type of optimiZation metadata include rankings 
and frequency data: 

[0080] Rankings: provide values for What the quartiles 
are for test results. This is useful for knoWing that a 
request for a value of 200 is going to be likely to be 
exceedingly rare in most database entries. 

[0081] Frequency: this is a model by Which a value can be 
associated With hoW commonly the test is done on patients. 
For example, the frequency value in Table IV listed beloW 
should be very rare based on value of 0.00023. 

[0082] When all test values are stored in one table, or one 
vieW created from disparate tables, this type of ?eld rel 
evance information cannot be determined directly from the 
underlying physical data source. Finding the value for a 
speci?c test involves ?nding data that satis?es the predicate: 
(“Where test=testType and value=searchValue”). Because all 
the values for all the tests are in one database table (or one 
vieW), the database alone is incapable of determining hoW 
likely it is that the actual value used in the condition (e.g., 
>200) Will occur. For many tests, “200” Will be a loW value. 
For many other tests, it Will be very high or even invalid. The 
folloWing table illustrates the logical ?eld speci?cation 716 
Which includes ?eld relevance information for the rare test 
logical ?eld 706 described above using the rankings and 
frequency relevance optimiZation metadata. 

TABLE Ii 

Rare Test Logical Field 

001 <Field naIne=“Rare Text X”> 
002 <AccessMethod> 
003 <Composed> 
004 <Composition>DECIMAL(<FieldRef 
005 name=“data://Internal/TestValue”/> 
006 </Composition> 
007 <Where> 
008 <Condition ?eld=“data://Internal/TestType” 

operator=“EQ”> 

010 </Condition> 

012 </Composed> 
013 <optimiZationMetaData> 
014 <ranking naIne=“topQua1tile” value=“l50” /> 
015 <ranking quartile=“topHalf" value=“l25” /> 
016 <ranking quartile=“bottomHalf" value=“l05” /> 
017 <ranking quartile=“bottomQua1tile” value=“95” /> 
018 <frequency value=“0.00023” /> 
019 </optimiZationMeta.Data> 
020 </AccessMethod> 

022 <Range minValue=“0.0” maxValue=“l50.0” /> 
023 </Type> 
024 <Description>Rare Test data</Description> 
025 </Field> 

Lines 013-19 illustrate the optimiZation metadata for fre 
quency and rankings (i.e., optimiZation metadata 710) as 
described above. The optimiZation component 155 may 
compare the frequency and rankings values With the condi 
tions speci?ed for a particular abstract query to select an 
optimiZation technique to apply to the abstract query. 
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Composed Field Optimization 

[0083] Another abstract query optimization technique 
optimizes the query contribution generated for a composed 
?eld. As described above, composed ?elds may combine 
data from multiple logical ?elds, or data repositories, 
according to a composition expression. Composed logical 
?elds present many opportunities for query optimization. 
Table III, beloW, illustrates a composed logical ?eld to 
illustrate several possible types of optimization metadata 
useful for a composed ?eld. For example, the optimization 
component 155 may modify a query contribution generated 
from a logical ?eld that retrieves a particular telephone 
number composed from an area code component, a pre?x 
component and a su?ix component. The optimization com 
ponent 155 may limit the number of database records 
searched by the query by adding a selection criteria based on 
portions of the existing selection criteria. Thus, While the 
user only composes a query to search for “608 253-7364”, 
for example, the query optimizer builds a resolved query to 
search against the correct conditions, e.g., simple integer 
?elds used to store a telephone number. Another abstract 
query optimization related to this comprises con?guring the 
optimization component 155 to add selection criteria such as 
“state=Wisconsin” to an abstract query. (NB: the 608 area 
code is assigned to the southern part of Wisconsin). This 
query optimization Would cause the runtime component 150 
to generate a query that World ?rst screen out any records in 
Which state ?eld Was not “Wisconsin”, thus presenting a 
smaller set of records to compare for the target phone 
number. This latter technique involves optimizing one part 
of the composition using data from another. 

TABLE III 
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[0085] For example, the optimization metadata could 
specify an executable object method or an executable func 
tion of optimization component 155 to assist in building a 
query contribution (e.g., step 418 from FIG. 4). Altema 
tively, or in addition, the optimization metadata might 
specify a mapping table that indicates a mapping betWeen a 
?eld in the query and some other item data. For example, in 
the telephone number illustration above, the mapping table 
Would just have values like 608-Wl or similar (lines 010 
012). When the optimizer recognizes that a condition is a 
restriction on one of the composed ?elds, the mapping ?eld 
can be used to add neW conditions to limit the data selected 
for comparison for the target. For example, if there is an 
index over the state ?eld (e.g., a primary key of a relational 
table), the runtime component 150 may generate a query 
contribution that searches the state criteria quickly to limit 
the number of roWs included before performing full text 
search on to determine the phone number. 

[0086] Furthermore, optimization metadata may be used 
in building conditions When the optimizer 155 recognizes 
that using one data type over another is more ef?cient. For 
example, the optimization component 155 may recognize 
that the area code is checked for a numeric value, and can 
easily build the condition to ?lter on the numeric ?eld While 
still returning the proper output. This could be done using a 
more complex “like” clauses in an SQL query contribution, 
such as “608%”, or by looking for area codes >=600 and less 
then <700 (lines 13-14). Further, in this example, optimizer 
155 can recognize the “608%” value as a condition of the 
query results and build the optimized condition against the 
integer ?eld Which Would be “and integerAreaCode=608”. 

Data Repository Abstraction Example 

001 <Field naIne=“Full Phone Number”> 
002 <AccessMethod = “Composed”> 
003 <Composition> 
004 <FieldRef naIne=“data://Demog/Phone Area Code”/> ‘ ’ 

005 <FieldRef naIne=“data://Demog/Phone Exchange”/> ‘-’ 
006 <FieldRef naIne=“data://Demog/Phone NuInber”/> 
007 </Composition> 
008 <optimizationMetaDatatype="conditionReWrite” 
009 method=“com.ibm.ddqb.PhoneConditionReWriter"> 
010 <mapping naIne=“data://Demog/Phone Area Code” mappingTable = “ 
state 011 Area code Map Table” mappingFrom="data://DemogPhone Area 
Code” 012 mappingTo="data://DemogState” /> 
013 <mapping naIne=“data://Demog/Phone Area Code” 
014 typeMapField="data://Demog/integerAreaCode" dataType=“integer” / 
015 </optimizationMetaData> 
016 </AccessMethod> 
017 <Type baseType=“char” /> 
018 <Description>Textual phone number</Description> 

[0084] The full telephone number logical ?eld above 
describes a case Where data from multiple underlying col 

umns of a relational DBMS system is retrieved and joined 

together. Suppose that a phone number is being represented 
by three simple ?elds Within the database, each used to store 

an integer value (lines 004-006). In such a case, the structure 
of the underlying physical representation may be included as 
part of an optimization metadata tag Within the logical ?eld 
speci?cation for the phone number logical ?eld. 

[0087] Line 002 indicates that the “Full Phone Number” 
?eld uses a composed access method to retrieve a phone 

number from three columns of a demographics table in a 
data repository. Lines 003-007 indicate the proper compo 
sition (i.e., ######-###) formed using the concatenation of 
the three parts. Using the optimization data, the optimization 
component 155 may generate a number of ef?cient query 
contributions, depending on the underlying database 
schema. Continuing With the telephone number example, the 
runtime component 150 may generate the resolved query 
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statement (e.g., as part of the operations illustrated in FIG. 
3) in response to a query seeking a telephone number in the 
608 area code (e. g., abstract query 802 illustrated in FIG. 8), 
as folloWs: 

Using this SQL query, the optimization component 155 
may perform optimizations, not based on the optimi 
zation metadata, but rather on the initial query pro 
duced by the runtime component 150 and its under 
standing of the underlying data repository architecture. 
For example, given the above SQL query, the optimi 
zation component 155 may improve performance of 
query execution by not requiring all the concatenation 
operators before execution. 

[0089] Several additional optimizations are possible using 
the optimization metadata included in Table III. Using such 
information, the optimization component 155 may capitalize 
on an area code having a ?xed Width of three characters and 
may further use optimization data to optimize the query 
based on a mapping betWeen area codes and geographic 
locations. After these operations, the query is modi?ed as 
folloWs: 

[0090] select t1.pid, t1.ph_area|]t1.ph_ex|]t1.ph_num 
from Demog Where t1state=‘WI’ and t1 .ph_area LIKE 
‘608%’ 

Further, the optimization component 155 may optimize 
the query by not doing the LIKE operation at all, based 
on the same optimization metadata indicting a ?xed 
?eld Width of three characters, such as: 

[0091] select t1.pid, t1.ph_area|]t1.ph_ex|]t1.ph_num 
from Demog Where t1.state=‘WI’ and t1 .ph_area=‘608’ 

If the “WI” has an index over it, then the query optimizer 
may rearrange the query to create: 

[0093] Another possible optimization using the optimiza 
tion metadata from this example includes using the type ?eld 
Which, in this example, is perhaps the fastest optimization. 
Other types of input data and underlying database architec 
ture Will cause different optimization techniques to be the 
most optimal. The “type” optimization uses a character 
version of the ?eld for output, but uses an integer version for 
the internal comparison, creating the folloWing optimized 
query from the original query set out above: 

[0094] select t1.pid, t1.ph_area|]t1.ph_ex tl.ph_num 
from Demog Where t1.intAreaCode=608 

[0095] Those skilled in the art Will recognize, that the 
above examples, all related to optimizing a query used to 
retrieve a telephone number from multiple database col 
umns, are illustrative only and that the types of data 
retrieved by a composed access method or the information 
included in the optimization metadata are not limited by the 
examples described above. 
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Hierarchical Field Types 

[0096] Another query optimization technique involves 
logical ?elds composed according to some external hierar 
chy. These are an extremely common type of ?eld that Would 
be de?ned, for example, to create a data abstraction model 
of a medical records database. A hierarchical ?eld type is 
basically a code/value type from a plurality of code/value 
types that are grouped into hierarchies for navigation and 
searching. For example, the International Classi?cation of 
Diseases, 9th Revision (ICD-9) de?nes codes that form a 
common hierarchical structure using a 5 digit system. Using 
the ICD-9 hierarchy, a user may desire to query for a 
particular ICD code (e.g., ICD9code=123). The ICD-9 code 
“123” maps to “other cestode infection” and has sub-codes 
“123.0” through “123.9”. Because these codes are com 
monly stored as character values, the SQL expression to ?nd 
the ICD-9“123” codes Would typically become “like 123%”. 
This expression (“123%”) Will, hoWever, typically perform 
sloWer because it interferes With the ability of the database 
optimizer to evaluate the selectivity of a “Where” clause than 
a query that uses comparison values Without any Wildcard 
values (e.g., “Where ICD9§123 and ICD9§124”). The 
optimization component 155 may be con?gured to modify 
query contribution generated from logical ?elds represent 
ing a hierarchical data type to remove such Wildcard values 
and replace it With the range comparison listed above. 

[0097] A further optimization based on hierarchal data 
types includes using the query optimizer 155 to build an 
SQL “in” condition containing exactly the values that are 
actually in the hierarchy. To use the above example, the in 
condition could be: “Where ICD-9 in (123, 123.0. 123.1 . . 

. 123.9)”. Such an optimization essentially expands the 
Where clause to include all of the actual possibilities, pre 
venting a query contribution from iterating through unused 
elements in the entire hierarchy. 

[0098] Many other query optimization techniques may be 
employed by embedding information Within the logical 
?elds of an abstract database and data repository abstraction 
component. Those skilled in the art Will, therefore, recognize 
that the optimization techniques described above are illus 
trative of techniques that may be used to optimize abstract 
queries, and not meant to be either an exhaustive or an 
exclusive description of abstract query optimization tech 
niques. 
[0099] While the foregoing is directed to embodiments of 
the present invention, other and further embodiments of the 
invention may be devised Without departing from the basic 
scope thereof, and the scope thereof is determined by the 
claims that folloW. 

What is claimed is: 
1. A method for providing access to data in an environ 

ment of multiple data repositories, comprising: 

providing, for a requesting entity, a data abstraction model 
comprising a plurality of logical ?elds for composing 
abstract queries; and 

for each of the plurality of logical ?elds, providing an 
access method Which speci?es at least a method for 
accessing the data, Wherein at least one logical ?eld 
provides query optimization data for optimizing at least 
one of an abstract query composed using the logical 






